PREFACE
Some geologic investigations of Quaternary deposits, especially in the conterminous United States, have attempted to use relative degrees of weathering and soil formation to establish chronosequences of glacial and (or) fluvial landforms. Most studies have been in the glacial terrane of the midcontinent and the Western United States. Few such studies have been conducted in the Eastern United States, especially in the unglaciated Middle Atlantic and Southeastern States.
From 1979 to 1984, the U.S. Geological Survey and the U.S. Department of Agriculture's Soil Conservation Service conducted cooperative regional studies of the relations between soils and geology in the Middle Atlantic and Southeastern States. The primary goal of these studies was to determine if soil properties could be used to estimate ages of associated landforms. Coral, wood fragments, and peat were sampled from constructional landforms of fluvial and marine origin in order to estimate ages by isotopic analyses; these ages were then related to regional biostratigraphic and lithostratigraphic correlations. Specific site investigations were conducted on Pliocene to Holocene marine and fluvial terraces in the Atlantic and eastern Gulf Coastal Plains and on constructional landforms and residual soils in the Appalachian Piedmont. Soils on granite, schist, and quartzite parent rocks of the Appalachian Piedmont were sampled to test the use of soil properties as indicators of soil age. Each chapter of this bulletin series examines the relation of soils to geology in a specific geographic area.
The cooperative study involved research scientists from both agencies and field personnel from State offices of the Soil Conservation Service. Responsibility for sample analysis was divided between the Department of Agriculture's National Soil Survey Laboratory in Lincoln, Nebr., and the U.S. Geological Survey in Reston, Va. This report was prepared by scientists from both agencies who participated in specific site investigations or in studies of pedogenic processes.
INTRODUCTION
Despite the large volume of literature on Quaternary soils of North America, relatively little information is available on soils developed in Pliocene and Quaternary marine and fluvial deposits in the mid-Atlantic Coastal Plain (Daniels and Gamble, 1978; Daniels and others, 1978; Foss and others, 1978; Douglas, 1977) . For this region, unlike the central plain states and portions of the west coast states (Rune, 1969; Follmer, 1978) , no systematic study exists that relates properties of soils either to the mineralogy or to the age of the parent materials. This may be attributed in part to the lack of detailed geologic maps of Pliocene and Pleistocene units in this part of the Coastal Plain. Over the past 10 years, however, detailed geologic information for specific areas has become available. As a result, the U.S. Geological Survey (USGS) and Soil Conservation Service (SCS) undertook a cooperative study to determine whether soils and associated weathering profiles, developed in Quaternary marine and fluvial sediments in the Chesapeake Bay area, could be used as indicators of relative and (or) absolute age of the surfaces and (or) sediments. The purpose of this paper is to present data that suggest correlation between soil development and the age of the underlying material. Specifically we present (1) detailed chemical and physical data for eight soils in the study area; (2) relation of each soil to its position in the landscape and to the known or inferred age of its parent material; (3) physical and chemical characteristics most useful for pedologic comparison; and (4) for the Maryland-Virginia Coastal Plain, a range for each significant characteristic so that an estimate of the numerical age can be ascertained for the land surface.
PHYSIOGRAPHIC AND GEOLOGIC SETTING Climate
The Delmarva Peninsula and the lower Rappahannock River area lie between 75°36'W. and 77°21'W. long and 36°54'N. and 39°40'N. lat ( fig. 1 ). The present climate is humid continental, with well-defined seasons and mild winters. The maximum mean monthly temperature of the area studied (1892 to 1981) is 28.9°C in July and 2.0°C in January. The mean annual temperature over the period is 15.2°C. The mid-Atlantic Coast Plain climate is commonly less severe than that of regions of the continental interior at the same latitude, due to such modifying factors as proximity to the Gulf Stream, Atlantic Ocean, and the Appalachian Mountains. The average annual precipitation is 1,118 mm. Precipitation is distributed fairly uniformly through the year, but parts of the area undergo annual drought and flood. Paleontologic evidence suggests that the present climate is similar to that of interglacial periods during the past 3 m.y.
Physiography
The part of the Delaware, Maryland, and Virginia Coastal Plain east of the Chesapeake Bay is called the Delmarva Peninsula. The peninsula, a coastal lowland that separates the Chesapeake Bay from the Atlantic Ocean ( fig. 1 ), is 50 km across at its widest point and narrows to the north and the south. It slopes gently from the highest point in the north, 31 m near Elk Neck, to 12 m near Cape Charles. Streams are not deeply incised, but progressively older surfaces are more modified by erosion. Although many of the streams are free flowing in their upper reaches, their lower reaches are tidal.
The Rappahannock River, Virginia, drains the Piedmont and Coastal Plain west of Chesapeake Bay and south of the Potomac River ( fig. 1 ). Cut and fill fluvial and estuarine terraces flank the lower reaches of the Rappahannock River where it flows through the Coastal Plain. Terrace morphology changes with terrace age (Colman, 1983) and progressively older terraces show increasing drainage density and decreasing preservation of original depositional area.
Geology
Sediments of Quaternary age, chiefly near-shore marine and estuarine beds, constitute the surface deposits of the Delmarva Peninsula. Recent investigations on the Delmarva Peninsula indicate that lower Pleistocene sediments are not preserved (Owens and Denny, 1979; Mixon and others, 1982) . Mixon (1985) indicated that the oldest Pleistocene unit is the 200,000-year-old Accomack Member of the Omar Formation (figs. 1, 2A). Mixon (1985) correlated the Omar with similar deposits at the mouth of the Rappahannock River that have been dated at 184,000± 20,000 years by uranium-series analysis of an included coral (Mixon and others, 1982) . The Nassawadox Formation forms the next younger unit on the Delmarva Peninsula (Mixon, 1985) . On the basis of several uranium-series ages on corals, this unit is considered to be between 60,000 and 125,000 years in age (Mixon and others, 1982) ( fig. 2A ). The Kent Island Formation (Owens and Denny, 1979) is the youngest Pleistocene unit ( fig. 2A ) on the Delmarva Peninsula. A 14C age of 28,450 ±660 years (W^643, U.S. Geological Survey Laboratory, Reston, Va.) was obtained from disseminated carbon in an organic-rich horizon at 3 m depth in the Kent Island Formation 18 m northwest of the Eastern Neck Island study site. Three other 14C ages ranging from 26,000 to 32,000 years have been obtained for the Kent Island Formation (Owens and Denny, 1979) . This age of about 30,000 years for the Kent Island is disputed, however, because Mixon (oral commun., 1982) , on the basis of stratigraphic correlations, considered the surface of the unit to be between 40,000 and 60,000 years in age. This interpretation implies either that the 14C age is derived from organic material deposited after the Kent Island sediments were exposed to subaerial weathering or that the organic materials are in an active spodic horizon, which would yield a younger 14C age than the age of the parent material. Our data do not resolve the conflict.
The Omar and the Nassawadox Formations are each 6-to 25-m-thick deposits of fossiliferous clay, silt, and quartz sand; each unit was deposited during at least one major marine transgression. The Omar surfaces range in altitude from 10 to 18m. The Nassawadox surfaces are only slightly lower, ranging from 4 to 10 m in altitude. The Kent Island Formation is a 12-m-thick unit of thinly bedded sand and silt, with surface altitudes of 3 m in Virginia to more than 7 m at Eastern Neck Island (Owens and Denny, 1979; Mixon, 1985) (figs. 1, 2A) . The terrace at 12 m altitude at the mouth of the Rappahannock River ( fig. 25 ) is a planar surface underlain by a transgressive marine sequence of fossiliferous clay and cross-bedded quartz sand that ranges from 3 to 12m thick (Newell, 1985) . The fossiliferous marine clay near the base of this unit contained the coral dated at 184,000 ±20,000 years (uranium-series analysis; Mixon and others, 1982) . The older 23 m and 45 m altitude terraces along the lower Rappahannock River are underlain by fluvial and (or) estuarine sand, silt, and clay that contain little or no evidence of marine influence ( fig. 2# ). Neither terrace contains radiometrically dated material. The 23 m terrace is tentatively assigned an age of 500,000? years (Newell, 1985) . The 45 m terrace is tentatively assigned an age of about 1.0? m.y. These ages are based upon correlations with the Canepatch and Waccamaw Formations, which have been dated in the Carolinas (McCartan and others, 1982) . The source areas for the Rappahannock terrace deposits are the crystalline and intrusive rocks of the Piedmont and Blue Ridge and the mafic intrusives and sedimentary rocks of the Mesozoic basins in Virginia.
FIELD AND LABORATORY METHODS
Except for site 1, all soil pedons were described and sampled by the authors and local SCS personnel. Horizon designations and descriptions follow the Soil Survey Manual (Soil Survey Staff, 1951) format. Analytically split samples were analyzed for standard physical and chemical characteristics (methods used are listed with their numerical codes in table 1) at the SCS National Soil Survey Laboratory (NSSL). The USGS laboratories conducted additional analyses including X-ray diffraction of the <2 micron fraction (glycolated, 350°C, SOOT); bulk chemistry by X-ray fluorescence; chemistry of the <63 micron fraction on selected sites; and oxalate extraction and atomic absorption of iron and aluminum. Only the X-ray diffraction patterns of the untreated <2 micron fraction are presented in the text.
The X-ray fluorescence analyses of the soil samples were performed on a Diano 8600 spectrometer after samples had been fused with lithium tetraborate. Major-element concentrations were then determined comparing unknown intensities for each element to calibration curves prepared from USGS silicate rock standards (Flanagan, 1976) . This method usually results in relative errors of <5 percent.
RESULTS AND DISCUSSION

Data Presentation
The exact location of each study site and the field description of the soil and weathering profile described at the site are given in tables 2A through 9A. Analytical results for samples from the profiles are presented in tables IB-IE through 9B-9E. The data are presented by study site. The study sites are arranged roughly from youngest to oldest. Figure 3 is a graphical presentation of the texture (on a clay-free basis) and weight percent of the <2 micron fraction for each profile, plotted by horizon. Figures 4 through 7 are graphic summaries of solum thickness, thickness of the argillic horizon, clay mass, and hue of Bt horizon plotted against either the determined or estimated age of the parent Age Relations between Soils and Geology 5 material. Figures 8,9 , and 10 show the changes in chemical composition with increase in age of the soil: AliC^ + FeiCV SiO2 ratio, TiO2 , and MnO, respectively. X-ray diffraction patterns of the <2 micron fraction are presented in figures 11 through 18.
Classification of Soils
Most of the soils developed on the Piedmont and Coastal Plain of the middle and southern Atlantic coastal states are in the Ultisol soil order. Ultisols are found in the middle to low latitudes in areas that in some season experience greater precipitation than evapotranspiration, which allows water to move through the solum into the underlying parent material (Soil Survey Staff, 1975) . In Ultisols, leaching removes bases at about the same rate as they are released by weathering. Most bases are held in the vegetation and in the upper few centimeters of the soil. Common clay minerals include kaolinite and hydroxy-interlayered vermiculite (HIV). Halloysite and gibbsite are also present in small amounts. Clay-size quartz, goethite, hematite, and mica are also common. Ultisols have a base saturation (by sum of the cations) that is <35 percent in the layer 1.5m below the top of the argillic horizon or 1.8 m below the ground surface, whichever is shallower.
All of the soils described in this study are in the Udult suborder of Ultisols. Each of the soils described is in the fine-loamy, mixed, thermic Typic Hapludult family, with the exception of the fine-loamy, over clayey, mixed, thermic Typic Paleudult that has developed on the 45 m terrace. Hapludults are well-drained soils with an ochric epipedon and a thin to moderately thick argillic horizon. Hapludults are most numerous in the Piedmont, where the land surface is predominantly in slope, and on only moderately dissected surfaces in the lower Coastal Plain and along the drainages of the Coastal Plain and the Piedmont. Paleudults are commonly less permeable than Hapludults and are present on old stable land surfaces in the upper Coastal Plain and outer Piedmont, and on remnants of river terraces located two and three terraces above the present floodplain along Coastal Plain rivers. Paleudults have thick to very thick argillic horizons with low activity clays, similar to the clays of Oxisols present in tropical climates. Both Hapludults and Paleudults form on acid rocks or sediments that have an almost exclusive forest canopy, except where cultivated. In the 1938 (modified 1949) soil classification (Thorp and Smith, 1949) Hapludults in the thermic temperature regime were classified as Red-Yellow Podzolics, and in the mesic temperature regime were classified as Gray-Brown Podzolics. Paleudults in the same classification were almost exclusively Red-Yellow Podzolics.
Physical Characteristics
Soil texture of the B horizons is progressively finer in each older soil from sandy loam and silt loam in the 30,000-year-old alluvium at Eastern Neck Island, to loam in the 60,000-120,000-year-old marine sands at Joynes Neck and Oyster, to loam and sandy clay loam in the 200,000-year-old marine sands at Nelsonia, Persimmon Point, and Norris Bridge, to a silty clay loam in the 500,0007-year-old alluvium and (or) estuarine sediments of the 23 m terrace and clay loam of the similar 1.0?-m.y.-old sediments of the 45 m terrace (see tables 2A through 9A for field descriptions of soil profiles). Structure of the B horizons changes with the change in texture from single grain at Eastern Neck, to medium subangular blocky at Joynes Neck, Oyster, and Persimmon Point, to medium and coarse subangular blocky at Norris Bridge, to medium and coarse prismatic at the 23 m site and coarse prismatic at the 45 m terrace site. With the increase in finer grained material and the change in texture from single grain to blocky to prismatic, there is a corresponding increase in thickness of B horizon, which is an argillic horizon in all but the youngest (Eastern Neck) profile, from 60 cm for Eastern Neck to >220 cm for the profile on the 45 m site. Clay mass (percent clay x bulk density x thickness of horizon integrated over depth of solum) also increases with age of solum. Solum thickness increases similarly from 90 cm for Eastern Neck to >220 cm for the 45 m terrace site. See figures 4 and 5 for plots of solum and B horizon thickness vs. age of soil. Figure 6 presents the plot of clay mass vs. age. A plot of hue of the Bt horizons vs. age of solum shows a trend toward increasing redness with increasing age ( fig. 7) .
Textural analysis data, by weight percent, for each solum and underlying parent material (where encountered) are presented in tables 2B through 9B. Fine-grained and very fine grained sand are the dominant sand-size fractions. The solum that developed in the 1.0?-m.y.-old 45 m terrace alluvium has the most even distribution of sand-size fractions. The Norris Bridge site has the largest percentage of medium-size sand distributed through the profile. The silt fraction is most evenly distributed between fine and coarse silt in the Eastern Neck profile, which is of alluvial and (or) estuarine origin. All other profiles on the Delmarva Peninsula have a 2:1 to 3:1 ratio of fine silt to coarse silt in the upper 1 m, below which is an abrupt decrease in silt-and clay-size fractions and a corresponding increase in total percent sand. The profiles of the Delmarva Peninsula all have marine sand as parent material. A similar "silt cap" can be seen in the profile at Norris Bridge, which also has marine sands as parent material. But the profiles in the alluvium of the 23 m and 45 m terraces do not show the sharp contact between the fine and coarse fraction percentages at 1 m depth; the silt decreases gradually downward through the profile. Age Relations between Soils and Geology 9
Chemical Characteristics
General bulk chemistry of each profile is presented in tables 1C through 9C, Data are reported as weight percent of oxides in each of the soil horizons. The general chemistry is similar for each of the soils. As seen in figure 8 , the Fe2O3+Al2O3/SiO2 ratio increases as soil age increases. SiO2 decreases from >90 percent in the B horizons of the 30,000-year-old soil at Eastern Neck Island, to 66-90 percent in the B horizons of both the 60,000-to 120,000-yearold soils at Joynes Neck and Oyster and the 200,000-yearold soils at Nelsonia, Persimmon Point, and Norris Bridge, to 65-75 percent in the B horizons of the 500,0007-year-old 23 m terrace and the 1.0?-m.y.-old 45 m terrace soils. In the same B horizons, A12O3 increases from <5 percent at Eastern Neck, to between 5 and 10 percent in the 60,000-to 200,000-year-old soils, to about 14 to 17 percent in the 23 m terrace soil, and decreases to about 14 percent in the 45 m terrace soil. Fe2O3 in the B horizons increases from about 1.5 percent at Eastern Neck to about 3 percent at Joynes Neck and Oyster, to 2.5 to 4.5 percent at Nelsonia, Persimmon Point, and Norris Bridge, to 5 to 8 percent in the 23 m terrace soil, and decreases to about 6 percent in the 45 m terrace soil. Decreases in SiO2 , A12O3 , and Fe2O3 correspond to a change in clay mineralogy (relative abundance of the hydroxy-interlayered vermiculite to kaolinite) in the 45 m terrace soil as compared to the 23 m terrace or any younger soil. TiO2 shows a general trend of increasing in successively older soils but nearly doubles in amount from the 60,000-to 200,000-year to the 500,0007-year-old soils ( fig. 9 ). TiO2 also decreases in the 1.0?-m.y.-old soil (45 m terrace soil) relative to the 500,0007-year-old soil (23 m terrace soil). MnO shows an increasing trend similar to that of TiO2 but with greater range in the values for a given soil and not as clear a decrease between the 23 m and 45 m terrace soils ( fig. 10 ).
The ratio of the cation exchange capacity (CEC) to percent clay shows a general trend of decreasing in the older soils but is similar among the 60,000-to 200,000-year-old soils (tables 3D through 9D). This general decrease in the ratio in the older soils most likely reflects a progressive increase in HIV low charge clay, which results in a decrease in the total number of exchange sites. Most of the exchange sites that are available are saturated with aluminum.
Mineralogy of the <2 Micron Fraction
Kaolinite, HIV, and quartz are the major components of the clay-size fraction of all the Delmarva and Rappahannock River terrace soils. Trends in clay mineralogy of the profiles appear to be related to degree of weathering and to position within profile. HIV increases toward the surface in all but the 45 m terrace profile (figs. 11-18), in which there is an apparent increase of kaolinite relative to HIV in the weathered parent material (C horizon) in the upper part of the B and in the A horizons. Other than the 45 m terrace, HIV is more abundant in each older soil. Both the increase toward the surface and the increase with age of soil suggest that the increase in HIV is a trend associated with degree of weathering, at least in soils <500,000? years in age.
In the Oyster profile ( fig. 13 ) we see that HIV and gibbsite have strongest peak intensities above and below the B23t horizon. In the B23t and 2B24t horizons we see strong 4.5 A peaks that we interpret as a diffraction peak of halloysite. This peak was shown by scanning electron microscopy to correlate with the occurrence of halloysite in horizons of the Pensauken Formation at Betterton, Md., by Owens and Minard (1979) . We interpret the abundance of the halloysite in the argillic horizons as the result of water retention in the Bt relative to superjacent and subjacent horizons. The higher soil water content of the clay loam B2 horizon relative to coarser textured Bl and B3 horizons has been documented by Bruce and Whisler (1973) . We interpret the greater abundance of HIV and gibbsite above and (2)-
.
. (4).
- below the halloysite-rich horizons as reflecting the drier soil microenvironments in these horizons that are different from the relatively wetter microenvironments in horizons B23t and 2B24t. These observations warrant further study in soils in which water movement is well understood. Increase in HIV relative to kaolinite and gibbsite in the A horizon could be due to inheritance of HIV transformed from a 10 A precursor or aeolian contribution. However, we hypothesize that the HIV is formed in situ and may form preferentially in the A horizons due to chemical processes that attack kaolinite and (or) facilitate in-situ formation of vermiculite. HIV is commonly seen to increase upward into the A horizons of Ultisols (Barnheisel and Rich, 1966; Rich, 1968; Karathanasis and others, 1983) . The relative increase in kaolinite and decrease in HIV in the soil of the 45 m terrace are associated with increases in total clay, percent clay in the upper horizons, and increase in Fe2O3 and A12O3 relative to SiO2 , as well as an increase in the total .01
(6).
- 
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Eastern Neck: Site 1 
69-92 B3
92 4-C V I GGo K Q Figure 11 . X-ray diffraction patterns for untreated <2 micron fractions from selected soil horizons, Eastern Neck, site 1 (exact location and field description in table 2/4). Traces illustrated are of oriented, untreated clay. Peak spacings are in angstroms (A). Depths to middles of horizons are given in centimeters. V is hydroxyl-interlayered vermiculite, I is illite, K is kaolinite, G is gibbsite, Go is goethite, and Q is quartz. Vermiculite peak intensity increases toward the surface. The illite peak intensity decreases above the B22 horizon.
TiO2 (table 9C and figs. 5, 6, 8, and 9) . This decrease in HIV in the 45 m terrace soil may be due to depletion of the source of readily soluble silica. The large percentage of clay in the A horizon of this solum may produce a drainage environment in which the stability of kaolinite is greater than that of HIV and gibbsite (that is, analogous to the B23t in the Oyster profile).
In support of this hypothesis, we have plotted the ratio of peak heights of HIV (14 A) + gibbsite (4.8 A) kaolinite (7.2 A) + halloysite (4.5 A) Figure 12. X-ray diffraction patterns for untreated <2 micron fractions from selected soil horizons, Joynes Neck, site 2 (exact location and field description in table 3/4). Traces illustrated are of oriented, untreated clay. Peak spacings are in angstroms (A). Depths to middles of horizons are given in centimeters. V is hydroxy-interlayered vermiculite, I is illite, K is kaolinite, G is gibbsite, H is halloysite, and Q is quartz. Gibbsite peak intensity increases both above and below the Bt horizon. The ratio of 4.5 A halloysite to 4.85 A gibbsite is a maximum in the B24t horizon.
around the lines connecting the maximum and minimum ratios. We interpret the existence of the trends as showing that the younger, less clay-rich soils have more drainage microenvironments in which the formation of HIV and gibbsite occur than do the older soils. We cannot propose a simple mechanism to explain the relative phase abundances but note that the changes in ratios appear to be related to increasing age and decreasing drainage.
for Oyster (site 3), Persimmon Point (site 5), the 23 m terrace (site 6) and the 45 m terrace (site 7). Figure 19 shows the increase in the HIV and gibbsite above the textural B horizons. With increasing depth and clay percentage, the ratio decreases. Moreover, going from the youngest soil to the oldest soil, the slopes of the hand-drawn best-fit lines decrease. For younger soils there is considerable scatter
The Loess Problem
Because the upper 1 m of most soils on the Delmarva Peninsula is generally more silty than the lower part of the sola, the question arises as to whether or not loess is a significant constituent of these soils. The presence of loess Depths to middles of horizons are given in centimeters. V is hydroxy-interlayered vermiculite, I is illite, K is kaolinite, G is gibbsite, H is halloysite, and Q is quartz. Halloysite peak intensity is greatest in the Bt horizon, and vermiculite and-gibbsite peak intensities increase above and below the Bt horizon.
on the Eastern Shore was first suggested by Foss and others (1978) and Simonson (1982) . Each of the pedons sampled for this study has a significant percentage of fine silt (2 to 20 microns) in the Bt horizons. These relatively high silt values suggest that there may be a significant fraction of aeolian silt (loess) in the total silt fraction of soils on the Delmarva Peninsula (Lewis and others, 1984). The eight sites sampled for this study are in the southern Delmarva Peninsula and adjacent areas and were selected because they appeared to be in uneroded parts of the landscape and to have had minimal accretion from aeolian and (or) colluvial materials. The soils described by Foss and others (1978) average 76 percent silt and 24 percent sand on a clay-free basis. Our study profiles average 35 percent silt, significantly less than the 76 percent silt reported by Foss and others (1978) but much higher than the 5 to 10 percent silt below 1 m depth in these sola and in their underlying C horizons.
Evidence suggests either that all of the fine silt fraction in soils on the Delmarva Peninsula may not be of . Depths to middles of horizons are given in centimeters. V is hydroxy-interlayered vermiculite, I is illite, K is kaolinite, G is gibbsite, H is halloysite, and Q is quartz. Halloysite peak intensity is greatest in the B22t horizon, and vermiculite and gibbsite peak intensities increase upward.
loessial origin or that the loess distribution is uneven and highly localized. Fine silt percentages do not correlate with ages of the Delmarva soils as determined from the geologic data. For example, Joynes Neck, (60,000 to 125,000 years old, site 2) and Nelsonia (140,000 to 220,000 years old, site 4) both show much greater percentages of fine silt than either Oyster (60,000 to 125,000 years old, site 3) or Persimmon Point (140,000 to 220,000 years old, site 5). Fine silt in Joynes Neck and Nelsonia, if wind blown, is probably of local origin and not part of a widespread loess sheet composed dominantly of fine silt. The absence of a fine-silt blanket is consistent with Foss and others (1978) data that show no downwind sorting of silt or preferential transport of fine silt downwind from late Pleistocene sediments of Chesapeake Bay. Neither does there appear to be any correlation between age of soil and percentage of fine to coarse clay or Age Relations between Soils and Geology 13 . Depths to middles of horizons are given in centimeters. V is hydroxy-interlayered vermiculite, I is illite, K is kaolinite, G is gibbsite, H is halloysite, and Q is quartz. Halloysite peak intensity is greatest below the B21t horizon, and vermiculite and gibbsite peak intensities increase above the B2H horizon.
clay mineralogy in these four pedons. The presence of significant amounts of halloysite in the Bt horizons of the Oyster and Persimmon pedons does suggest that there has been significant in-situ development of clay which, based upon the Norris Bridge pedon, would appear to be contemporaneous with development of fine silt (Pavich, unpub. data). The absence of halloysite does not, however, preclude in-situ development of clay and silt in the Joynes Neck and Nelsonia sites. Since the halloysite structure does not easily survive aeolian transport, the clay in the Oyster and Persimmon Point pedons is considered to be pedogenic in origin (formed in situ). Aeolian silt and clay are probably significant contributors to at least two of the Delmarva sites. The best evidence for an aeolian origin for silt and clay is the correlation of the fine silt bulge with an HIV-rich epipedon in the younger . X-ray diffraction patterns for untreated <2 micron fractions from selected soil horizons, Norris Bridge, site 6 (exact location and field description in table 7A). Traces illustrated are of oriented, untreated clay. Peak spacings are in angstroms (A). Depths to middles of horizons are given in centimeters. V is hydroxy-interlayered vermiculite, I is illite, K is kaolinite, G is gibbsite, H is halloysite, L is lepidocrosite, Go is goethite, F is K-feldspar, and Q is quartz. Vermiculite peak intensity increases toward the surface and kaolinite peak intensity is strong throughout the profile.
soils. In Nelsonia and Joynes Neck, the strong aeolian input is indicated by fine silt and correlates with a high ratio of HIV/halloysite through the profile. Fine silt is less abundant and the ratio of HIV/halloysite is lower in Oyster and Persimmon Point soils, which also have higher ratios of fine to coarse clay. This complicates the interpretation of the genesis of those soils and points out the need for further study of the source and distance of transport of the loess. Sites on the Rappahannock River show an increase of fine silt with age. In site 6, the production of fine quartz silt from the breakdown of coarser grains has been documented Figure 17 . X-ray diffraction patterns for untreated <2 micron fractions from selected soil horizons, 23 m terrace, site 7 (exact location and field description in table 8/4). Traces illustrated are of oriented, untreated clay. Peak spacings are in angstroms (A). Depths to middles of horizons are given in centimeters. V is hydroxy-interlayered vermiculite, I is illite, K is kaolinite, G is gibbsite, H is halloysite, and Q is quartz. Kaolinite is the dominant clay mineral in all horizons, and vermiculite peak intensity increases in the A horizons.
(Pavich , unpub. data). It appears likely that an in-situ pedogenic origin for fine silt is significant in the Rappahannock profiles. The large mass of clay found on the older Rappahannock terraces, the clay mineralogy, and the bulk chemistry cannot be explained by a simple accumulation of aeolian HIV and quartz through time. Addition of highly siliceous aeolian material through time would not produce a trend of increasing Fe2O3 + Al2O3/SiO2, and the observed chemical trend is not consistent with an aeolian origin of silt and clay in these profiles ( fig. 8) .
From this study it is clear that there are two probable sources of fine silt in the A and B horizons of these pedons. Thus despite evidence for aeolian sediment transport (such as dunes and silt caps) care must be taken not to interpret all silty epipedons as loessial in origin. Scanning electron microscopy and oxygen isotope data (such as used by Sayin and Jackson, 1973) may help resolve the origin of the fine silt. . X-ray diffraction patterns for untreated <2 micron fractions from selected soil horizons, 45 m terrace, site 8 (exact location and field description in table 9/4). Traces illustrated are of oriented, untreated clay. Peak spacings are in angstroms (A). Depths to middles of horizons are given in centimeters. V is hydroxy-interlayered vermiculite, I is illite, K is kaolinite, G is gibbsite, H is halloysite, and Q is quartz. Kaolinite is the dominant clay mineral in all horizons, and vermiculite does not show an increase in intensity in the near-surface horizons.
Age Relations
As mapped, the marine deposits on the southern Delmarva Peninsula comprise a chronosequence of barrier, backbarrier, and (or) estuarine sediments deposited at successively lower sea levels. Alternatively, as suggested by Hack (1955) in this landscape increase in degree of development with increase in altitude. The grossly similar grain-size distributions (tables 2B through 9B and figure 3) for soils on the various surfaces and the common source of parent material yield a chronosequence of soils ranging in age from about 30,000 to >1.0? m.y.
It is difficult to isolate certain physical characteristics such as soil color or thickness of solum (A and B horizons) from the chemical processes that produce them. However, plots of growth curves (changes of property over time) for physical and chemical characteristics (figs. 5 through 10) show similarities and divergences. The physical properties of redness, clay mass, and solum thickness suggest a step, or plateau, in growth curves at about 60,000 to 220,000 years and a subsequent increase in rate of development from 500,000? to > 1.0? m.y.
A third-degree polynomial (least squares) equation fits the data for redness of the Bt horizons better than a linear equation because the standard error of the estimate of a linear regression is 33.7, and this error is 0.8 for the thirddegree polynomial. The equation is where Y is redness and X is the natural log of age.
The inflection point of the curve is between 200,000 and 500,000 years. The data suggest, therefore, that the plateau at 60,000 to 220,000 years defines an upper limit of rapid soil development. Similar results are obtained by fitting equations to the other physical properties. The chemical property Al^C^ + Fe^C^/SiC^ ratio does not have this plateau. These curves indicate that properties change with time but at different rates and that in combination they can be used to determine the age of a soil. Birkeland (1974, p. 131) suggested hypothetical variations in several soil properties with time ( fig. 20) . His curves representing accumulation of organic carbon and clay are similar in that they both show steep positive slopes of rapid accumulation that level off to zero. The flat slopes represent a hypothetical stage of soil development during which no change in a particular soil property takes place. This can be considered to be a steady-state, or equilibrium, for that particular property. The plateau in the physical properties of the Maryland and Virginia Coastal Plain soils may indicate such steady states. However, after a certain period of little change, the properties again begin to change with time. The contrast of results of this study with those of others (Birkeland, 1974; Simonson, 1978) is possibly due to a lack of measurement of all properties of pedogenic origin in soils 1.0? m.y. old or older. Evidence presented here, that soil properties do continue to change throtigh time, is corroborated by studies by Harden and Marchand (1977) , McFadden and others (1982), and Harden (1982) .
CONCLUSIONS
Soils developed on surfaces ranging in age from 30,000 to 1.0? m.y. and underlain by texturally and mineralogically similar parent materials provide a means to study change of properties with age of surface. Physical properties of clay mass, redness, and solum thickness increase with time, except for a period of no change (steady state?) between 100,000 and several hundred thousand years. All physical properties studied show a dynamic nature, even in soils of ages greater than 1.0? m.y. Chemical properties such as the Al2O3+Fe2O3/SiO2 ratio appear to increase at a constant rate.
It is relatively easy to characterize the differences between the 30,000-year-and the 100,000-to 200,000-year-old sola, the 200,000-and 500,00?-year-old sola, and the 500,000?-and 1.0?-m.y.-old sola. It is not easy to differentiate soils between the 60,000-and 200,000-year- old range from the 30,000-year-old soils, nor is it easy to differentiate soils that range in age between 60,000 and 200,000 years. Of the properties studied, the Al2O3 +Fe2O3/ SiO2 ratio shows the clearest trend and may prove to be the most useful indicator for differentiating soils of this age. But many more soils developed in sediments 60,000 to 200,000 years old are needed if we expect to separate that time period into smaller units.
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